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Objective: Pulmonary complications are common after abdominal surgery. Although a
variety of risk factors have been described for these complications, studies so far have
focused on elective interventions. The aim of this study was to determine the incidence
and predictors of pulmonary complications following emergency abdominal surgery.
Methods: This was a prospective cohort study. Pre and intra-operative data were
collected through interview and chart review and their association with the occurrence of
postoperative pulmonary complications (PPC) were analyzed.
Results: Two hundred and sixty-six consecutive adult patients were included and seventy-
five (28.2%) developed PPC. Age 450 years (adjusted OR ¼ 3.86; Po0.001), body mass
index (BMI)o21 kg/m2 orX30 kg/m2 (adjusted OR ¼ 2.43; P ¼ 0.007) and upper or upper/
lower abdominal incision (adjusted OR ¼ 2.57; P ¼ 0.027) were independently associated
with PPC. Patients submitted to multiple procedures tended to be at a higher risk for PPC
(adjusted OR ¼ 1.73; P ¼ 0.079). The development of PPC was associated with prolonged
hospital stay (Po0.001) and increased death rate (Po0.001).
Conclusions: Pulmonary complications are frequent among patients undergoing abdom-
inal emergency surgery and lead to increased length of hospital stay and death rate. Older
age, abnormal BMI, upper or upper/lower abdominal incision and multiple procedures are
predictors of PPC in this setting.
& 2006 Elsevier Ltd. All rights reserved.Elsevier Ltd. All rights reserved.
32421681;
m.br (P.F.C. de Bruin).Introduction
Pulmonary complications after abdominal surgery, including
pneumonia, atelectasis and respiratory failure, are a
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Pulmonary complications after emergency abdominal surgery 809significant cause for patient suffering, prolonged hospital
stay and increased mortality rate.1–3 Although postoperative
pulmonary complications (PPC) are recognized to be
common, reported incidence is variable, ranging from 9%
to 40%, probably due to methodological discrepancies
among various studies.4,5
A number of risk factors for PPC following elective non-
thoracic surgery, derived from clinical history, physical
examination, lung function tests, chest X-ray and other
pre or intra-operative elements, has been described.6
However, studies on incidence and predictors of pulmonary
complications after emergency surgery are very scarce.
Emergency surgery has been reported to carry higher
morbidity and mortality rates than elective procedures.7,8
The emergency nature of the procedure has also been
independently associated with higher rates of postoperative
pneumonia and respiratory failure.9,10 Considering that
demographic and clinical characteristics of patients as well
as preoperative diagnoses and surgical strategies adopted in
emergency situations are expected to be quite diverse from
those in elective surgery, we hypothesized that a different
set of predictors for PPC should also be in place.
The aim of this study was to determine the incidence of
and risk factors for PPC in patients submitted to emergency
abdominal surgery.
Methods
The target population was composed of adults undergoing
emergency abdominal surgery at Clementino Moura Hospi-
tal, from November 2002 to March 2003. The Clementino
Moura Hospital is an emergency hospital with 172 adult beds
that works as a regional referral center for the metropolitan
area of Sa˜o Luı´s, Brazil. Individuals with previous diagnosis
of neuromuscular disease, evidence of any pre-existing
acute respiratory condition on initial evaluation, extra-
abdominal injuries and patients undergoing re-operations
were not included in the study. The protocol was approved
by the local Ethics Research Committee. Written informed
consent was obtained in all cases.
Study design
This was a prospective cohort study. On admission, a
standardized questionnaire was used to obtain relevant
demographic and clinical data (age, gender, weight, height,
smoking habits, presence of chronic pulmonary diseases or
other comorbidities) and a chest X-ray was performed.
Operative data (type of procedure, incision site and surgery
duration) were obtained through chart review. Postopera-
tively, one investigator collected data on the occurrence of
symptomatic PPC through a short interview, chest assess-
ment and review of the medical record on a daily basis, until
discharge or death. Chest radiographs were requested
whenever suggested by clinical evaluation or laboratory
abnormalities and analyzed by another investigator, not
involved in the patients’ ongoing care.
The following variables were tested, based on previous
research results and the authors’ clinical judgement: age
(p50 years vs. 450 years), gender, body mass index (BMI)
(dystrophic—BMI o21 kg/m2 or X30 kg/m2 vs. eutrophic—21 kg/m2 pBMI o30 kg/m2), smoking status, chronic pul-
monary diseases (asthma or chronic obstructive pulmonary
disease—COPD), comorbidities (systemic arterial hyperten-
sion, diabetes mellitus or cardiopathy), type of injury
(trauma vs. non-trauma), incision site (upper or upper/
lower vs. lower abdominal incision), number of surgical
procedures (one vs. multiple procedures) and duration of
surgery (p120min vs. 4120min). Current smoker was
considered as one who had smoked at least one cigarette
a day for more than a year and who was using cigarettes at
that moment or who had stopped smoking less than 8 weeks
before admission. The continuous variables were dichot-
omized using cut-off points previously described in the
literature and confirmed by receiver operating curve (ROC)
analysis.Outcomes
The primary outcome was the development of a PPC,
including: Pneumonia: presence of new or progressive pulmonary
infiltration on the chest X-ray associated with at least
two of the following signs: purulent tracheobronchial
secretion, elevation of body temperature (above 38.3 1C)
and increase of leukocytes in circulation (over 25% above
the base count).11 Atelectasis: evidence of pulmonary atelectasis on the
chest X-ray associated with acute respiratory symptoms,
without fulfilling the criteria for pneumonia. Pleural effusion: excessive amount of fluid in the pleural
space, detected by clinical examination and chest radio-
graph, requiring percutaneous intervention. Acute respiratory failure: acute deficiency in gas
exchange in the lung, requiring mechanical ventilation.
If patients with pneumonia developed respiratory failure,
they would be included only in the group ‘‘acute
respiratory failure’’.
Secondary outcomes were the length of hospital stay and
the death rate for both groups (with and without PPC).Statistical analysis
Initially, bivariate logistic regression was used to test the
relationship between each independent variable and the
presence of PPC. Then, multivariate logistic regression was
performed including all factors with Po0.20 in the bivariate
analysis, using a backward stepwise approach and accepting
statistical significance at Po0.05. The Hosmer–Lemeshow
test was calculated to assess goodness-of-fit. Interaction
was evaluated pairwise through the inclusion of an interac-
tion term into the logistic regression analysis.
Comparisons between the patients with and without PPC
were performed using Student t-test (continuous variables)
and w2-test (dichotomous variables). The w2-test was also
used to test for collinearity (strong correlation) between
independent variables. The Statistical Package for Social
Sciences12 was used for all the analyses. Data are quoted as
mean7standard deviation.
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Table 1 Demographic and clinical characteristics of the
sample (n ¼ 266).
n %
Age (yr)
p50 207 77.8
450 59 22.2
Gender
Female 51 19.2
Male 215 80.8
BMI (kg/m2)
o21 59 22.2
X21 and o30 205 77
X30 2 0.8
Current smoking
No 163 61.3
Yes 103 38.7
Pulmonary condition
COPD 12 4.5
Asthma 11 4.1
Comorbidity
Systemic arterial hypertension 11 4.1
Diabetes mellitus 6 2.3
Cardiopathy 6 2.3
Abbreviations: BMI, body mass index; COPD, chronic ob-
structive pulmonary disease.
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Of 272 patients evaluated, 6 were excluded due to the
presence of extra-abdominal injuries, pre-existing acute
respiratory condition or re-operation. Data from 266
patients were analyzed (215 male; mean age 36.5717.7
years; mean BMI 22.472.7 kg/m2). Demographic and clinical
characteristics of the subjects are depicted in Table 1.
Preoperative diagnoses were stabbing and firearm ab-
dominal injury (36.1%), appendicitis (18%), incarcerated
hernia (12.8%), unspecified acute abdomen (12.1%), small or
large bowel obstruction (7.5%), perforated peptic ulcer
(6.4%), blunt abdominal trauma (4.5%) and acute cholecys-
titis (2.6%). Upper or upper/lower abdominal incisions were
performed in 219 cases (82.3%) and in sixty-nine patients
(26%) more than one surgical procedure was carried out. For
78 (29.3%) patients, the duration of surgery was more than
120min.
Seventy-five patients (28.2%) developed PPC: 44 devel-
oped pneumonia, 16 atelectasis, 9 pleural effusion and 6
acute respiratory failure. The following risk factors had
significant crude ORs (Po0.20) in the bivariate analysis:
age450 years, BMIo21 kg/m2 or X30 kg/m2, comorbidity,
upper or upper/lower incision and multiple surgical
procedures (Table 2).
The multivariate analysis revealed age450 years,
BMIo21 kg/m2 or X30 kg/m2 and upper or upper/lower
incision as independent predictors of PPC (Table 3), with
P-value for the Hosmer–Lemeshow test of 0.967, indicating
a good fit of the model to the data.
Collinearity was found between multiple procedures and
upper or upper/lower incision (Po0.001) and when the
variable incision site was withdrawn from the model,
multiple procedures tended to be associated with PPC at a
P level of 0.079 (Table 4), with P-value for the Hosmer–
Lemeshow goodness-of-fit of 0.867.
No interaction, defined as the situation in which the
impact of one variable on the outcome depends on the level
of another variable, was found.
Patients suffering from trauma (stabbing, firearm abdom-
inal injury and blunt abdominal trauma) were significantly
younger than those with other conditions (mean age
28.6710.4 years and 41.9719.5 years; Po0.001). The
cut-off point for the first group calculated through the
ROC was 25 years. Separate bivariate and multivariate
analyses were performed for these subjects.
In patients with trauma, age425 years (OR ¼ 2.07; 95%
CI ¼ 0.87–4.93; P ¼ 0.100) and BMIo21 kg/m2 or X30 kg/
m2 (OR ¼ 3.61; 95% CI ¼ 1.38–9.38; P ¼ 0.008) were asso-
ciated with PPC in the bivariate analysis. As all these
patients underwent upper and lower abdominal incision, the
variable incision site was not included. The multivariate
analysis revealed BMIo21 kg/m2 or X30 kg/m2 (OR ¼ 4.01;
95% CI ¼ 1.49–10.7; P ¼ 0.006) as an independent risk
factor for PPC, with a trend for age425 years (OR ¼ 2.36;
95% CI ¼ 0.94–5.90; P ¼ 0.066) to be independently asso-
ciated with PPC.
Length of stay was prolonged for those patients who
developed PPC (18.4716 days vs. 8.376.3 days; Po0.001).
Ten patients died (9 with PPC). Death rate was higher in the
PPC group (12% vs. 0.5%; Po0.001). Patients suffering from
trauma did not differ significantly from other patients withrespect to length of stay (P ¼ 0.124) and death rate
(P ¼ 0.324).Discussion
Our results show that advanced age, abnormal BMI (o21
kg/m2 or X30 kg/m2), upper or upper/lower incision and
multiple procedures are associated with increased risk for
PPC in patients undergoing emergency abdominal surgery.
These complications lead to prolonged hospital stay and
increased mortality rate.
Individuals undergoing emergency surgery for abdominal
trauma constitute a particular subgroup because they are,
on average, younger and procedures other than laparotomy
are not usually performed. The importance of age as a risk
factor is, therefore, reduced in these subjects, as demon-
strated by our finding of a tendency for age to be associated
with PPC. The sociodemographic profile of this group may
also explain the low prevalence of chronic pulmonary
diseases and other comorbidities and the lack of association
between these conditions and PPC in this study.
In previous studies, the definition of PPC varied greatly.
Although hospital-acquired pneumonia may occur in non-
ventilated patients, the terms nosocomial and ventilator
associated pneumonia (VAP) have been commonly used
interchangeably13 and the same approach has been applied
in reference to risk factors and care of patients with these
conditions.14 We defined pneumonia using previously vali-
dated criteria, which are probably the most accurate for
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Table 2 Bivariate analysis between pre and intra-operative variables and the occurrence of postoperative pulmonary
complications after emergency abdominal surgery (n ¼ 266).
% of PPC Crude OR 95% CI P-value
Age (yr)
p50 (0) 47/207 (28%) 3.07 1.67–5.63 o0.001
450 (1) 28/59 (47%)
Gender
Female (0) 14/51 (27%) 1.04 0.52–2.07 0.894
Male (1) 61/215 (28%)
BMI (kg/m2)
Eutrophic (0) 51/205 (25%) 1.95 1.07–3.58 0.029
Dystrophic (1) 24/61 (40%)
Current smoking
No (0) 42/163 (28%) 1.35 0.78–2.33 0.268
Yes (1) 33/103 (32%)
Pulmonary conditiony
No (0) 67/243 (27%) 1.40 0.56–3.45 0.464
Yes (1) 8/23 (35%)
Comorbidityz
No (0) 65/245 (27%) 2.51 1.02–6.20 0.044
Yes (1) 10/21 (48%)
Type of injury
Non-trauma (0) 158/266 (59.4%) 0.98 0.57–1.70 0.963
Trauma (1) 108/266 (40.6%)
Incision site
Lower (0) 8/47 (17%) 2.14 0.95–4.84 0.065
Upper or upper/lower (1) 67/219 (30%)
Number of procedures
One (0) 49/197 (25%) 1.82 1.01–3.27 0.043
More than one (1) 26/69 (42%)
Surgery duration
p120min (0) 51/188 (27%) 1.19 0.66–2.12 0.618
4120min (1) 24/78 (30%)
Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio; PPC, postoperative pulmonary complications.
Eutrophic (21 kg/m2 pBMIo30 kg/m2) or dystrophic (BMIo21 kg/m2 or X30 kg/m2).
yChronic obstructive pulmonary disease or asthma.
zSystemic arterial hypertension, diabetes mellitus or cardiopathy.
Table 3 Logistic regression—independent risk factors for pulmonary complications following emergency abdominal surgery
(n ¼ 266).
Variable High-risk
category
Parameter
estimate
SE Wald w2-test P-value Adjusted OR 95% CI
Constant 2.305 0.429 28.901 o0.001 0.10
Age (yr) 450 1.353 0.330 16.827 o0.001 3.86 2.02–7.38
BMI (kg/m2) o21 or X30 0.889 0.331 7.226 0.007 2.43 1.27–4.64
Incision site Upper or upper/
lower
0.945 0.426 4.916 0.027 2.57 1.11–5.93
Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio; SE, standard error.
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Table 4 Logistic regression- Independent risk factors for pulmonary complications following emergency abdominal surgery,
after withdrawn of the variable ‘‘incision site’’ from the model (n ¼ 266).
Variable High-risk
category
Parameter
estimate
SE Wald w2-test P-value Adjusted OR 95% CI
Constant 1.657 0.226 53.796 o0.001 0.19
Age (yr) 450 1.271 0.326 15.235 o0.001 3.56 1.88–6.75
BMI (kg/m2) o21 or X30 0.925 0.329 7.917 0.005 2.52 1.32–4.80
Number of
procedures
41 0.550 0.312 3.096 0.079 1.73 0.93–3.19
Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio; SE, standard error.
L.G.G. Serejo et al.812starting empirical therapy.11 It has been shown that the
presence of new or progressive pulmonary infiltrate on the
chest X-ray associated with at least two out of the three
following criteria: purulent tracheobronchial secretion,
fever or leucocytosis, is accurate for diagnosing VAP.11
Although recognizing that clinical criteria have an inherent
inter-examiner variability, use of bronchoalveolar lavage or
protected specimen brush would have been beyond the
scope of this study. In addition, a recent meta-analysis
revealed that invasive strategies for the diagnosis of VAP do
not improve survival when compared to the use of clinical
criteria alone.15
It is known that obesity may adversely affect respiratory
muscle function and gas exchange.16 In elective surgery,
delaying the procedure until weight loss is achieved can
reduce the incidence of PPC.17 In contrast, malnutrition is
associated with respiratory impairment, being in itself a
predictor of postoperative pneumonia.18 Thus, BMI shows a
‘‘J-shape’’ relationship with PPC, its effect being masked if
it is analyzed as a continuous variable.
It has been demonstrated that changes in lung volumes
secondary to respiratory muscle dysfunction and altered
chest wall mechanics, including reduction in functional
residual capacity (FRC) and vital capacity (VC) and increase
in closing volume (CV) are involved in the genesis of PPC.19
The aging process, with its associated reduction in lung
elastic recoil, decrease in chest wall compliance and
respiratory muscle strength and increase in CV,19,20 has
been reported to increase the risk for PPC.3,21,22 On the
other hand, there have been claims that comorbid condi-
tions, which are more common in older patients, and not age
per se could be responsible for the higher rates of PPC in
these subjects.23 In our study, we found that age is an
independent predictor of PPC.
We have also shown that upper or upper/lower incision
more than doubled the risk for PPC, as compared to lower
abdominal incision. Significant diaphragmatic dysfunction
with marked VC reduction for up to 1 week following upper
abdominal surgery has long been demonstrated.24,25 Similar
changes should be expected with multiple abdominal
procedures.
When compared to laparotomy, laparoscopy causes less
pain and disruption of abdominal and diaphragmatic muscle
activity.17 Laparoscopic approach to abdominal emergencies
appears to be safe and may be followed by a more rapid
postoperative recovery.26,27 Recently, laparoscopic surgery
has been recommended for a variety of emergency situa-tions, including stable patients with penetrating and blunt
abdominal trauma.28 As optimization of the nutritional
status cannot be immediately achieved, laparoscopy could
be a way of reducing the risk of PPC in emergency situations.
Further studies are necessary to investigate the impact of
laparoscopic surgery on the development of PPC, as
compared to the more conventional approach.
In summary, pulmonary complications are common after
emergency abdominal surgery. Advanced age, malnutrition,
obesity, upper or upper/lower abdominal incision and
multiple abdominal procedures increase the risk for PPC in
this setting.References
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